One of the first geologists to investigate the Matthes moraines was Israel Russell (1884). His illustrations of the high cirque glaciers show the glacier ice at or near the moraine crests, suggesting that the glaciers were near their maximum extent approximately a century ago. Francois Matthes suggested that the modem cirque glaciers began to form about 4000 yr ago (Matthes, 1941), at the onset of a period that he named the Little Ice Age (Matthes, 1939) . It is noteworthy that Matthes originally used the term Little Ice Age to describe what is now referred to as Neoglaciation (the last ca. 5300 yr; Porter and Denton, 1967) , and that the current definition of the Little Ice Age (LIA), adopted in this paper, refers to the latest Neoglacial episode, occurring worldwide within approximately the last seven centuries (Porter, 1981a) . Most workers agree that the Matthes advance correlates with the LIA, beginning approximately AD 1200-1300 (Curry, 1968; Wood, 1977; Scuderi, 1987a) , and reaching a maximum approximately 100-200 yr ago (Matthes, 1940; Birman, 1964; Curry, 1968; Scuderi, 1987a) .
Limited glacial evidence exists for a pre-Matthes Neoglacial advance, primarily from small moraines in isolated regions of the Sierra Nevada. In a few valleys in the southern part of the range, Curry (1968) and Scuderi (1984) both describe poorly defined and incomplete moraines located between Matthes and Recess Peak moraines, which they date lichenometrically to AD 850-1050. These dates remain unconfirmed, however, because Curry and Scuderi both used Curry's (1968) lichen calibration curve, which Curry calibrated circularly using lichens from Recess Peak moraines, assuming a moraine age of 2700 yr BP instead of the currently recognized age of at least 13,000 cal yr Debris-Covered Glacier FIGURE 2.
Schematic representation of the different responses of a typical glacier and a rock glacier to climate change: both glaciers advance in an initial cool period (e.g., a pre-Little Ice Age advance); when temperatures increase, or precipitation decreases, the glacier retreats, whereas the debrisinsulated rock glacier slows or thins, but continues to advance, overriding debris at its front; during the final cool period (LIA), both glaciers again advance. The morphologic result is different in each case: a moraine dating to the LIA remains in the cirque of the typical glacier, whereas a rock glacier preserves pre-LIA debris near its terminus.
BP (Clark and Gillespie, 1997) . Perhaps the best previous evidence for multiple Neoglacial advances in the Sierra Nevada is a study by Yount et al. (1982) , in which they identified evidence for up to four Holocene advances in the Recesses (Fig. 1) based on relative weathering, tephrochronology, and limiting radiocarbon dates.
ROCK GLACIERS
Rock glaciers, originally described by Capps (1910: 362) to be debris laden landforms that "in form and position resemble true glaciers in noticeable ways," are common throughout the Sierra Nevada. Although some workers maintain that all rock glaciers are permafrost features (e.g., Haeberli, 1985; Barsch, 1987; Jakob, 1994 Humlum, 1996) . The Powell and Mendel rock glaciers we discuss here are glacigenic, and can also be referred to as "debris-covered glaciers" (Clark et al., 1994a) .
Glacigenic rock glaciers generally have small, relatively clean ice fields at their heads, which comprise their modem accumulation zones (Potter, 1972) . The accumulation zones grade into debris-covered ablation zones, which most researchers consider the rock glacier proper (Potter, 1972; Martin and Whalley, 1987) . However, within the context of the glacigenic model of rock glacier formation, the ice field feeds the ice core of the rock glacier, and is therefore part of the rock glacier system. Glacigenic rock glaciers form preferentially beneath cirques with highly fractured bedrock that supplies relatively large volumes of debris to the glacier below (Whalley and Martin, 1992; Clark et al., 1994a) . Debris that falls from the headwall may roll or slide past the accumulation zone to be deposited directly on the ablation zone; other material is incorporated into the accumulation zone and is eventually transported into the ablation zone within the glacier ice. In the ablation zone, ice flow and melt act to concentrate debris at the surface, forming a debris mantle (Potter, 1972) . The debris mantle insulates the underlying ice, significantly decreasing the ablation rate (e.g., Clark et al., 1994a: Fig. 6 ). The relatively low ablation rates of rock glaciers allows them to continue to flow and advance during climatic events that would cause adjacent "typical" glaciers to retreat (Osborne, 1975; Clark et al., 1994a ).
An examination of glacier and rock glacier responses to the following climatic pattern demonstrates their differences: first, conditions favorable for alpine glaciation (cool summers, highprecipitation winters), followed by slight amelioration, and then a return to even more favorable glacial conditions (Fig. 2) . A typical glacier would advance, form a moraine, retreat, and then readvance, destroying the original end moraine. A second, younger moraine would form at the maximum extent of the later advance. Under the same climatic conditions, a glacigenic rock glacier would advance, forming a debris-covered terminus instead of a moraine. During the warm period, the debris would insulate and preserve the underlying ice, so that the rock glacier would continue to advance, providing that the warming was not so extreme or prolonged as to melt the ice core completely. As glacial conditions return, the upper part of the rock glacier would be rejuvenated and thickened with new ice while the original supraglacial debris continues to move downvalley. The debris at the terminus of the rock glacier rolls down the oversteepened snout characteristic of active rock glaciers, and is subsequently overridden by the rock glacier. Consequently, the debris near the rock glacier terminus should reflect a minimum-limiting (but not closely limiting) age of the earlier advance.
Several authors have correlated surface-age variations of rock glaciers with paleoclimate fluctuations. Birkeland (1973) used relative dating techniques, including lichenometry, weathering-rind thickness, and loess cover, to differentiate the surface ages of both active and inactive rock glaciers in western Colorado. He identified three distinct Neoglacial age groups, and suggested that some Colorado rock glaciers have been active since the late Pleistocene. Nicholas and Butler (1996) used similar techniques to study 12 rock glaciers in the La Sal Mountains, Utah. Although several Neoglacial glacier advances have been recognized regionally (e.g., Benedict, 1985) , moraine evidence is lacking in the La Sal Mountains. Nicholas and Butler were able to subdivide the rock glacier surfaces into three Neoglacial age groups, based primarily on weathering-rind thickness and percentage of lichen cover. They then used the same relativeweathering criteria to correlate these periods with Neoglacial moraines in the Colorado Front Range.
Site Selection and Description
The Powell and Mendel rock glaciers and the Darwin and Conness moraines are adjacent to the crest of the central Sierra Nevada (Fig. 1) and are each associated with a modem ice accumulation zone of similar size, aspect, and altitude. The cirque headwalls at all four sites are composed of Lamarck Granodiorite, as is the debris on the rock glaciers and moraines. Clast sizes range from sand and gravel to large boulders (-10 m), with the latter predominant on the surface of the rock glaciers. The 1.5-km-long Powell rock glacier (Fig. 3a) is one of the longest in the Sierra Nevada, and consequently has relatively high potential to show a clear spatial separation of surface age units. The nearby Mendel rock glacier (Fig. 3b) is not as long, but it nearly buries the Recess Peak moraine from the same cirque. Both rock glaciers are isolated from side-wall rockfall by lateral troughs: thus, all the surficial debris originated in the cirque headwalls or floors. The termini of the rock glaciers are oversteepened (-40?), with unstable boulders that are essentially lichen-free, implying that the rock glaciers are active and advancing (Wahrhaftig and Cox, 1959). Glacier ice can be traced underneath the debris cover in the transition between the ice field and the debriscovered zone at Mendel Glacier (Fig. 4a) , although the thick (>2-3 m) debris cover effectively hides the ice further down the rock glacier.
Darwin Glacier (Fig. 3b) is located in the cirque immediately southeast of Mendel Glacier, so that both features can be assumed to have experienced essentially identical climate histories. The moraine below the glacier is symmetric and has a single-crest. Although Conness Glacier (Fig. 4b) is approximately 100 km to the northwest of the other glaciers, downvalley lakes are situated ideally for sediment coring. Its Matthes moraine system is double-crested, potentially recording two separate glacier advances.
Methods

LICHENOMETRY
Lichenometry can be used to determine substrate ages of up to several thousand years (Locke et al., 1979; Bull et al., 1994), and to determine a minimum depositional age of the surface debris on the rock glaciers and moraines. The lichenometric clock starts when a boulder is deposited on a moraine or when, via ablation or rockfall, it arrives at the surface of a rock glacier. After deposition, several factors can reset the clock, so that lichenometry may not provide a closely-limiting minimum age (e.g., rotation of surface boulders by rock glacier movement, or snowkill from heavy snow/low ablation years [Benedict, 1990] ). We assume that the possibility of previous exposure, and therefore anomalously large lichens, is extremely low: (1) the chance of a hypothetical cubic boulder resting upon a rock glacier or moraine in the same aspect as it was previously exposed on the cirque headwall (supposing it were previously exposed) is 1 in 6 (16%); (2) the rate and size of rockfall in the cirques above these rock glaciers is great enough that boulders falling on the rock glaciers rarely if ever have lichens on them; and (3) even if a lichen were to have existed on the headwall bedrock and fallen into the correct orientation on the rock glacier, the high variability of snow accumulation from year to year produces nearly uniform and total snow-kill on the uppermost parts of the rock glaciers in the Sierra Nevada, thus "zeroing" the lichen ages of surface boulders.
We used two slow-growing species of lichens to estimate depositional ages (Acarospora chlorophana and Rhizocarpon superficiale), and two faster growing species (Lecidea atrobrunnea and Lecanora muralis) to bolster younger age assignments. We established measurement sites of approximately 50-100 m2 on the rock glaciers and moraines in all areas that were not covered by late-summer snow. Lichens are not abundant at the altitudes of the sample sites, so we used the average diameter of the single largest thallus of each species to assign a minimum age to a sampling site. We measured only thalli that were circular, were isolated from other thalli, and were not partially dead or otherwise damaged. We used a hand-held digital caliper; repeat measurements of the same thallus show an accuracy of ?0.5 mm. Two lichen growth-rate curves have been established in the Sierra Nevada, by Curry (1968 Curry ( , 1969 Curry's (1968, 1969) combined calibration curve for Acarospora chlorophana and Rhizocarpon superficiale (which have similar growth rates) is based on maximum lichen sizes. Curry calibrated his curve using a combination of historic photographs, dendrochronologically dated split boulders, "Neoglacial" moraines, and cross-correlation with faster growing lichen species.
The moraine ages, -1000-2000 yr old as estimated from dendrochronologic measurements, are the least well documented, and are probably too young by an order of magnitude (Clark and Gillespie, 1997). However, the other data, which extend back to approximately 400 yr BP, are more rigorous. By using only Curry's data that are younger than 400 yr BP (Table 1) , and including a new datum from Muir Hut, built on Muir Pass (3657 m a.s.l.) in 1931, we establish a new high-altitude combined Rhizocarpon and Acarospora growth curve for the Sierra Nevada (Fig. 5) .
Because the precision of the calibration data is not known, our calibration curve is based on a best fit of the data rather than the standard envelope bracketing the maximum sizes (Locke, 1979). We fit the data with a logarithmic regression (r2 = 0.89) in order to represent decreasing growth rate as lichen density approaches saturation (Bickerton and Matthews, 1992) . To assure that our age calibration produces a minimum age, we assign an age to a given lichen size based on the lower limit of the 95% prediction interval of the regression. Because our curve requires extrapolation beyond 400 yr, we are cautious about assigning discrete ages to surfaces with large (>60 mm) lichens. However, considering past work supporting logarithmic growth rates for lichens (e.g., Porter, 1981b; Bickerton and Matthews, 1992; Benedict, 1993), it is reasonable to conclude that such high-altitude lichens are older than -1000 yr, and therefore predate the onset of the Little Ice Age. Such an interpretation is consistent with Benedict's (1993) growth curve for Rhizocarpon lichens above timberline in the Colorado Front Range.
To supplement the Acarospora and Rhizocarpon data, we use Curry's (1968, 1969) linear growth rates of 33 mm/100 yr and 30 mm/100 yr to assign ages to the faster growing Lecidea atrobrunnea and Lecanora muralis, respectively. Such rapidly growing lichens help support ages for LIA and younger surfaces, but tend to underestimate older surfaces in which they reach growth saturation. For each site, the age assigned is the maximum calibrated age of the four lichen species measured at that site. Because of our conservative approach, we are confident that our age estimates in this study represent minimum ages.
SEDIMENT CORING
In order to establish an independent, radiocarbon-dated, and continuous proxy record of Holocene glacier fluctuations (e.g., Joint Acarospora chlorophana and Rhizocarpon geographicum growth rate curve based on calibration data from Curry (1968; . The regression is given by log(y) = 1.651 + 0.0297x where y is lichen age in years and x is lichen diameter in millimeters. The lower limit of the 95% prediction interval is used to assure a minimum age in the age calculations. Because the calibration data only extend to 35 mm, we do not view the extrapolated ages of larger lichens as exact. However, based on the typical logarithmic growth rate of lichens and other growth rates established at high altitudes, we are confident that lichens of diameters larger than 60 mm began growing before the Little Ice Age.
Leonard, 1986), we collected and dated sediment cores from a meadow immediately downstream from the Powell rock glacier and from the Conness Lakes downstream from the Conness glacier (Figs. 3a, 4b) . We selected coring sites close to the glaciers in order to maximize the strength of the glacial-sediment signal. We used a modified Livingston piston corer to collect 2-inch (-5 cm) diameter cores, which are 0.5 to 2 m long. All cores bottomed in rocks or gravel that prevented deeper coring.
In the laboratory, we extruded the cores and measured magnetic susceptibility (MS) with a Bartington MS2C core-scanning susceptibility meter. Measurements should be treated only as relative indicators of magnetic susceptibility, because they have not been normalized for volume. After measuring MS, we split, logged, and photographed the cores. We measured total carbon content of the Conness Lake cores by loss-on-ignition (LOI). This measurement can be used as a proxy for total organic content because there are no inorganic sources of carbon in this granitic region. Macrofossils near significant stratigraphic transitions were sampled for nine AMS radiocarbon dates, analyzed at the Center for Accelerated Mass Spectrometry, Lawrence Livermore National Laboratory, and one conventional radiocarbon date (University of Washington). All radiocarbon dates are corrected for 13C fractionation (Stuiver and Polach, 1977 ) and include 1-sigma analytic error ranges. Radiocarbon ages, including those of other workers, are calibrated with CALIB (v. 3.0.3b; Stuiver and Reimer, 1993), using the decadal tree-ring dataset. The calibrated age range reflects the combination of the 1-sigma analytical and calibration curve standard errors.
Locations for each measurement plot are shown in Figure  6 , and corresponding minimum limiting age estimates are summarized in Table 2 . The Mendel rock glacier shows a clear pattem of older lichens along the distal edge of the rock glacier and younger ones towards the cirque. The largest lichens (70-108 mm) indicate ages significantly older than the LIA (>700 yr). M14 is a measurement site on the Recess Peak moraine below the Mendel rock glacier. In this measurement site, the lichens have reached saturation, growing together and covering the majority of the boulder surfaces. The lichen diameter reported is of the largest undisturbed thallus in the site. The age assignment of 16,000 yr is purely an artifact of the extrapolated calibration curve, and cannot be assumed to represent a true minimum age of the lichen or of the Recess Peak moraine. Likewise, the anomalously large Acarospora at site M10 cannot be assumed to establish a minimum rock glacier age of 13,000 yr. However, the large lichen size, in conjunction with several other large lichens in nearby measurement plots, shows a profound difference of surface exposure age between the rock glacier and the moraines. The Darwin and Conness Matthes moraines both appear to have formed entirely within the LIA (<700 yr). In both cases, the moraines date to the LIA maximum (-100 yr). The outer crest of the Conness moraine, however, formed earlier in the LIA (250-430 yr), suggesting that the timing of the LIA maximum was not consistent throughout the Sierra Nevada.
Despite its size, the Powell rock glacier shows no regular age pattern. Only one lichen site on the rock glacier (P55) indicates a pre-LIA age, as does site P56 on the nearby Recess Peak lateral moraine. Another site on the Recess Peak moraine (P25) indicates an LIA age. A possible explanation is that parts of the Powell rock glacier have experienced long periods of snow cover during the LIA, resulting in high rates of snowkill. Benedict (1990) demonstrated that many lichen species die after 5 to 8 yr when the average annual snow cover persists for longer than 40 to 42 wk. The surface of the Powell rock glacier is relatively flat, and when we worked at the site in August 1995, snow covered approximately 70% of the rock glacier surface. The rock glacier is sheltered from the prevailing winds that cross the Sierra Nevada crest from the southwest, permitting enhanced snow accumulation on the rock glacier surface. In contrast, most of the Mendel rock glacier is exposed to west winds blowing up Darwin Canyon; these scour the rock glacier from west to east, and inhibit snow accumulation. In fact, the oldest lichens grow on the western, and presumably most snow-free, edge of the Mendel rock glacier.
The lichen pattern on the Powell rock glacier does, however, shed light on both snowkill effects and flow velocities. Near the rock glacier terminus, a 20? slope interrupts the gentle slope typical of the rest of the rock glacier (Fig. 3a, 6 ). This slope break appears to coincide with a step in the underlying bedrock. The only lichens measured on tzhis slope grow along the western edge, because the rest of the slope is covered by perennial snow. Above the slope, lichen ages range up to about 325 yr. Below the slope, only small lichens occur, none older than -100 yr. Presumably, as debris is transported along the surface of the rock glacier, it moves onto the slope for a period of time, passing under the permanent snow patch that covers the slope; once it arrives on the low-gradient surface below, the snow cover has killed the lichens and reset the lichen enting lichens to a less favorable growth aspect. An estimate of the surface velocity in this area can be made by identifying the largest lichen near the rock glacier terminus, and dividing its distance from the perennial snowpatch along the flowline by its calculated age. The oldest lichen below the slope, a 29.9-mm Lecanora (= 100 yr, site P3) is about 90 m from the edge of the snow patch. The average size of the snowpatch during the past century is unknown, which introduces an unquantifiable source of error to the calculation. Nevertheless, assuming that the present size of the snow is representative, the calculated velocity of 90 cm yr-1 is consistent with rates observed on other rock glaciers (e.g., 20 cm yr-1, Outcalt and Benedict, SEDIMENT CORES Three cores (PMA, PMB, and PMC) were recovered from an unnamed meadow immediately below the Powell rock glacier (Figs. 3a, 7) , and two cores (MCL and LCL) were recovered from the Conness Lakes, one each from the middle and lower lakes, respectively (Figs. 4b, 8) . Comparison of the amount of sediment retrieved with the depth of the core hole indicates 30-35% core compaction or loss in the Powell meadow cores, and 9-10% in the Conness Lake cores. Although 10% compaction in lake sediment cores is common in this region (Clark and Gillespie, 1997), the high percentage effect in the Powell meadow cores suggests that some of the sediment was lost during recovery.
Recovered sediments include inorganic silt, sand, and gravel; organic mud (gyttja) and silt; and tephra. Microscopic examination of the sediments shows no particular evidence of glacial erosion. The Inyo-Mono craters, northwest of both coring sites, are the most likely source of the tephras (Wood, 1977; Clark and Gillespie, 1997) . Radiocarbon dates of macrofossils are listed in Table 3 . All ages are consistent with stratigraphic order within the analytic uncertainty. In core PMB, the age of a large piece of wood at 48 cm has essentially the same age as a splinter of wood 15 cm higher in the core. The large piece of wood may have settled deeply into the meadow during deposition, or been pushed downwards during the coring operation. Average sedimentation rates for the cores range from 1.5 to 3.0 cm/100 yr, so that the 15 cm between the samples probably represents 500-1000 yr of sedimentation.
The cores from the Powell meadow, although taken within 50 m of each other, show highly variable stratigraphy, reflecting the strong influence of local topographic factors on depositional patterns (Fig. 7) . Stratigraphy cannot be correlated between cores with confidence. Peaks in magnetic susceptibility correspond to tephra or gravel layers. One pattern is consistent between cores, however: deposition of gravel ceased approximately 3700 14C yr BP (3800 cal yr BP). The source of the gravel appears to be the grus-covered talus directly east of the meadow rather than the rock glacier, because the gravel is coarse, angular, and oxidized, similar to grus on the slope. No oxidized grus exists on the rock glacier. The cause of the sedimentary transition from predominately gravel deposition to gyttja and silt is unknown, but because the transition occurred during a period when Neoglacial ice advances occurred elsewhere, it may reflect a shift to cooler conditions and winter-dominated precipitation. Such a change would tend to reduce weathering rates and mass wasting related to heavy summer rain storms.
Although the upper -40 cm of core LCL (Lower Conness Lake, Fig. 8 ) is disturbed (probably during the coring itself or during transport from the field), a distinct sediment transition is apparent lower in the core. Organic sediments (>10% carbon) dominate the lower two-thirds of the core. Between approximately 55 and 65 cm core depth, there is a gradual transition to less-organic sediments. Two radiocarbon dates place this transition at ca. 3200 14C yr BP (3400 cal yr BP); it may reflect the onset of Neoglaciation in the Conness cirque. Middle Conness Lake (core MCL, Fig. 8) shows no similar transition, but extrapolation of sedimentation rates from the lowest dated horizon indicates that the bottom of the core is too young to record the same transition. The relatively high sedimentation rate in MCL probably reflects the proximity of the lake to Conness Glacier, and provides higher resolution of sedimentation during the Neoglacial time period. In core LCL, magnetic susceptibility is generally low, only high at tephra layers. However, in core MCL, several prominent susceptibility peaks (at ca. 50-80 cm and 90-100 cm) do not correlate with tephra layers or other discernible sedimentary transitions. The highest susceptibility peak, at 66 cm depth, dates to approximately 2300 14C yr BP (2100-2600 cal yr BP). This peak may correlate with a peak in erosion upstream, presumably related to glacier activity. In the Sierra Nevada, peaks in magnetic susceptibility are commonly associated with increased glacial activity because of the high percentage of unweathered magnetic minerals released by glacial erosion (e.g., Anderson and Ripley, 1988; Clark, 1997).
Discussion
Lichens on boulders at the distal ends of active Sierran rock glaciers indicate that they began forming before the Little Ice Age, whereas lichens on Matthes moraines tie their formation to the LIA. Because the insulation afforded by the supraglacial debris on rock glaciers provides a mechanism by which they may survive warm or dry periods that destroy regular glaciers (Clark et al., 1994a), rock glaciers have a different, and generally longer, history than standard moraines. Thus, exposure ages of debris on the distal ends of Matthes rock glaciers record a minimum age for the onset of Neoglaciation in the range, whereas Matthes moraines only preserve the most extensive Neoglacial advance.
Whether the age difference between rock glaciers and moraines reflects two separate glacier advances or whether it reflects a pre-LIA onset of a singular event cannot be determined from lichens alone. However, based on advance/retreat histories elsewhere in the world, it is reasonable to assume that one or more small, early Neoglacial advances did occur in the Sierra Nevada. This interpretation is supported by Stine (1994) , who presents persuasive evidence of two severe, multicentury droughts in the Sierra Nevada which occurred shortly before the onset of the LIA. His finding supports the notion that "clean" glaciers retreated or disappeared during this time, making it much more likely that the early rock glacier activity corresponds to a separate episode of glaciation rather than a pre-LIA onset of the Matthes advance.
Additional support for an early Neoglacial advance comes from a variety of climate proxies, including timberline elevation, dendrochronology, and sediment data from lakes and bogs. Scuderi (1987b) noted five relatively cold periods within the last 4000 yr, of approximately 200 yr duration each, during which timberline elevations in the southern Sierra Nevada decreased by more than 15 m. Analysis of tree ring-widths in the same region shows similar variations, with eight notable cold periods (narrow growth rings) occurring about every 200 to 400 yr within the last 3000 yr (Scuderi, 1984) . Feng and Epstein (1994) examined hydrogen isotope ratios in Bristlecone pines and developed a continuous 8000-yr temperature record for the adjacent White Mountains by correlating relatively high deuterium/hydrogen ratios with warmer temperatures. The record shows a steady temperature decline of about 2-3?C after 6800 cal yr BP, interrupted by relatively stable temperatures from 2000 to 400 cal yr BP, followed by further temperature decline to a temperature minimum during the late nineteenth century. Pollen analyses of sediment cores from alpine lakes near Tioga Pass (Fig. 1) show an increase in effective precipitation beginning ca. 6000 yr BP, followed by a decrease in timberline elevation beginning ca. 2500 yr BP (Anderson, 1990) . A similar record was reported by Stine (1990) , who dated tree stumps exposed in strandlines of Mono Lake (Fig. 1) , establishing that the lake was high at 3770 cal yr BP; it then fell to modem levels by 1800 cal yr BP. Another 57  42  0  43  46  33  39  56  120  260  310  180  170  310  230  180  330  120  85  0  150  270  220  260  160  160  140  260  280  210  290  380  440  220  240  190  260  300  220  99  300  410  200  150  250  200  290  190  220  330  370  380  300  190  280  450  340  38  61   72 (Table 3) . Breaks in the cores signify the transition between successive pushes obtained with the Livingston corer, and are sites of potential sediment loss. Sediments were well preserved upon extrusion from the corer, and the recovered stratigraphy was undisturbed. In all three cores, no gravel was deposited after ca. 3500 14C yr BP The oxidized character of the felsic gravel indicates that it is grus from a talus to the east of the rock glacier and meadow. high stand was reached at 330 cal yr BP, after which water again dropped to modem levels. Collectively, these records paint a picture of an initially warm and dry Holocene, followed by increased precipitation beginning approximately 6000 yr BP, with cooling beginning sometime between 6000 and 2500 yr BP Rapid fluctuations of both temperature and precipitation during the last 3000-4000 yr allows the possibility of one or more pre-LIA Neoglacial advances.
Changes in sedimentation in the Powell meadow and Conness Lakes sediment cores suggest onset of glacial conditions (cooler summers and/or wetter winters) around 3800-3400 cal yr BP. In particular, the decrease in organic sedimentation (reflecting dilution because of greater siliciclastic sedimentation) in the lower Conness Lake core at 3400 cal yr BP strongly indicates that a glacier formed and advanced in the Conness cirque at that time. This date provides the firmest limiting age yet for onset of Neoglaciation in the Sierra Nevada. The similar date for cessation of grus deposition in the Powell meadow cores indicates that weathering rates and/or slope mass wasting in the High Sierra, which depend largely on warm summers and intense summer or late-spring rainstorms, respectively, may have decreased during the same period.
Although the lichen ages on the distal ends of the rock glaciers indicate that they predate the LIA, they do not show ages equivalent to the onset of Neoglaciation in the Conness drainage. Thus, the exposure-age records on the rock glaciers, despite being substantially more complete than those from normal moraines, still provides only about half the record that the lake sediment records do. This partial record matches well with Potter's (1972) developmental model for rock glaciers in which the surface debris is carried passively on the rock glacier surface, dumped off the terminus, then overridden as the rock glacier advances, similar to debris on a treadmill. In such a model, the surface debris just above the terminus should be roughly half the total age of the rock glacier. The model also restricts the role of sliding, although the uncertainties in our data do not allow us to quantify this aspect.
The issue of snowkill is probably the greatest limiting factor in using lichens to study high alpine landforms in the Sierra Nevada. As little as a decade of high-accumulation winters accompanied by cool summers may be enough to kill most lichens in such areas (Benedict, 1990) . Glacigenic rock glaciers are associated with relatively high rates and variability of snow deposition (e.g., Potter, 1972; Clark et al., 1994a) . Whether the maximum lichen ages from rock glaciers reflect an age approximating their inception or merely the time of the last major snowkill event is impossible to determine without independent evidence. Unfortunately, alpine locations where rock glaciers tend to form are typically low in organic material, so that radiocarbon dating generally does not provide a feasible alternative. Surface-exposure dating using in situ cosmogenic nuclides offers the potential of assigning ages directly to surface debris on rock glaciers without the complication of snowkill. However, potential problems related to shielding due to snow burial and rotation of boulders due to surface instability may cause significant errors in such ages. Rock samples from each of the study sites are currently being analyzed to test this method.
The kinematics of rock glacier flow must be more fully understood before rock glaciers can be used to constrain precisely the onset of glacier advances. The results discussed in this study, however, highlight the potential of rock glaciers as paleoclimatic indicators, both because they preserve evidence of otherwise unidentifiable small glacier advances, and because they potentially preserve exceptionally old glacier ice (Clark et al., 1996) . (Table 3 ). The stratigraphy of LCL was partially disturbed during transport and extrusion: the tephra connecting the two uppermost tephra layers has replaced low-organic silt. The tephra just below the break in the core presumably fell into the core hole between extractions, and is out of sequence. The rest of the sediments and those of MCL appear to be undisturbed. Note the organic-inorganic transition at 3190 ? 60 14C yr BP in core LCL, and the magnetic susceptibility peak at 2320 + 130 14C yr BP in core MCL, respectively suggesting the onset and the erosional peak of glacial activity in the Conness cirque.
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